؉ subpopulation expansion correlate with HCV viral load and are associated with the development of HCV-related autoimmunity. In the present study, we assessed the effects of combination antiviral therapy (alfa interferon and ribavirin) on peripheral B-cell CD81 expression and CD5 expansion and the presence of autoimmune markers. Peripheral B-cell CD5 expression and the mean fluorescence intensity of CD81 were assessed by flow cytometry before and after treatment in 15 HCV-infected patients, in 10 untreated patients, and in 25 healthy controls. A significant posttreatment decrease in peripheral B-cell CD81 expression and disappearance of CD5 ؉ B-cell expansion were observed in all nine patients in whom a complete and sustained virological response was achieved (P < 0.01) (comparable to those for healthy controls). The decrease in CD81 overexpression and CD5 expansion in these patients was associated with a decrease and/or disappearance of autoimmune markers. In contrast, in nonresponders overexpression of CD81 and expansion of the CD5 ؉ B-cell subpopulation were not significantly changed and were comparable to those for untreated patients. In conclusion, antiviral therapy down-regulates peripheral B-cell CD81 expression and the CD5 Hepatitis C virus (HCV) infection is considered to be one of the most common important known causes of chronic liver disease worldwide, affecting between 0.5 and 2% of the population of the Western world (12). In addition to its being hepatotropic, HCV is a lymphotropic virus (34). This peculiar lymphotropism may be responsible, at least in part, for the multiple immune-mediated extra hepatic manifestations of HCV infection, such as mixed cryoglobulinemia (1, 19, 20) , Sjögren-like syndrome (10), the presence of rheumatoid factor (RF) in serum, the production of autoantibodies (2, 9, 11, 24, 28), and B-cell non-Hodgkin lymphoma (5, 31, 36). The pathogenetic link between HCV and the immune system in inducing both autoimmunity and lymphoproliferation is unclear. The persistence of HCV in peripheral blood mononuclear cells, preferentially in B cells (33), results in chronic stimulation of B cells, leading to polyclonal and later to monoclonal proliferation of RF immunoglobulin M kappa (IgM)-producing cells, which eventually may result in malignant transformation and development of overt lymphoma (7, 13, 23, 30) . The recent identification of CD81 protein as one of the HCV receptor candidates on B lymphocytes (26), providing a mechanism by which B cells are infected with or activated by HCV, may raise a wide spectrum of interesting issues regarding the pathogenetic link between HCV infection, autoimmunity, and lymphoproliferative disorders. CD81 is expressed on the surfaces of a variety of cell types and has a diverse spectrum of biological activities. The second extracellular loop of CD81 has recently been shown to interact with HCV envelope 2 glycoprotein in vitro (26). On B cells, CD81 is a member of a signaling complex that includes CD19 and CD21 (17). Cross-linking these complexes using antibodies to either CD81 or CD19 lowers the threshold for B-cell activation and proliferation. Similarly, binding of HCV particles to a CD81-containing complex might facilitate B-cell activation, possibly explaining at least in part the association between HCV, B-cell activation, and lymphoproliferative diseases. In addition, it has recently been shown that the peripheral blood CD5 ϩ B-cell subpopulation is expanded in patients with chronic HCV infection (3). These cells are characterized by the production of low-affinity IgM with RF activity, arise early in ontogeny, and are considered to represent the bridge linking innate and acquired immune responses (32). The production of circulating autoantibodies coupled with their increased frequency in rheumatoid arthritis and Sjögren's syndrome has implicated them in the development of autoimmune diseases (4, 27) . In addition, the numbers of CD5 ϩ B cells are also increased in patients with essential mixed cryoglobulinemia (25) and were identified as monoclonal-and polyclonal-IgM-producing cells in the hepatic lymphoid follicles of HCV-infected patients (22). We have recently shown that in chronic HCV infection there are peripheral
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B-cell CD81 overexpression and CD5
ϩ B-cell subpopulation expansion which correlate with HCV RNA load and are associated with the development of HCV-related autoimmunity (35) . The present study was conducted to assess the effect of combined antiviral treatment on peripheral B-cell CD81 overexpression and CD5
ϩ B-cell expansion in chronic HCV infection and to investigate the relationship between this overexpression, the decline of viral load, and autoimmune markers.
MATERIALS AND METHODS

Patients.
Twenty-five patients with chronic HCV infection in whom peripheral B-cell CD81 and CD5 expression was assessed in our previous study (35) were enrolled in the present study. Of these, 15 patients were treated with antiviral treatment consisting of alfa interferon and ribavirin, while in 10 patients antiviral treatment was avoided for one of the following reasons: decompensated cirrhosis or age older than 70 years (3 patients), significant cytopenia (i.e., a concentration of less than 10 g of hemoglobin/dl of plasma, a concentration of less than 3,000 leukocytes/mm 3 of plasma, or a concentration of less than 75,000 platelets/mm 3 of plasma) (n ϭ 3), severe depression (n ϭ 1), or refusal to take treatment (n ϭ 3 In all patients, liver and immunological panel assessments, HCV RNA, B-cell CD5 expression, and the MFI of CD81 were reexamined at the end of treatment (in the treated patients) or 12 months after baseline evaluation (in the nontreated patients). Disease severity was assessed by the level of ALT in serum and liver histology (inflammation and fibrosis).
Informed consent was obtained from each patient. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the Institutional Review Board of the Bnai Zion Medical Center. Antiviral treatment. Antiviral treatment consisted of (i) alfa interferon (3 million U, three times a week, subcutaneously) combined with ribavirin, 800 mg to 1,200 mg daily for 12 months (for eight patients with HCV genotype 1b); (ii) alfa interferon (3 million U, three times a week) in combination with ribavirin, 800 to 1,200 mg daily for 6 months (for three patients with HCV genotype 2 or 3); (iii) pegylated alfa interferon 2a, 180 g once weekly combined with ribavirin, 800 mg daily for 12 months (for four patients with HCV genotype 1a or 1b).
Definition of response. Biochemical response was defined as normalization of ALT at the end of treatment. Virological response was defined as undetectable HCV RNA in serum at the end of treatment. Sustained virological response was defined as undetectable HCV RNA at 6 months after completion of antiviral treatment.
HCV quantification. The concentration of HCV RNA in serum was measured by using the Amplicor Monitor test kit (Roche Diagnostic Systems, Basel, Switzerland). The test includes an RNA quantification standard of known copy number that is coamplified with the target and is used to calculate the copy level of a sample by colorimetric assay following hybridization to a specific probe.
HCV genotyping. HCV genotypes were assayed using a commercial assay (INNO-Lipa HCV II test; Innogenetics N.V., Zwijndrecht, Belgium) based on amplification with biotinylated oligonucleotide primers for the 5Ј untranslated region of HCV. This assay identifies six genotypes and major subtypes.
Histological analysis. The histological score was graded from 0 to 22 by a modification of the method of Knodell et al. (15) . For the Knodell histological activity index (HAI), an inflammation score was obtained by combining scores of periportal injury (interface hepatitis and/or bridging necrosis) (0 to 10), parenchymal injury (0 to 4), portal inflammation (0 to 4), and fibrosis (0 to 4). The degree of inflammation and fibrosis was scored by an independent histopathologist unaware of the patients' clinical status. The Knodell HAI was calculated for only the noncirrhotic patients.
B-cell separation. Peripheral blood mononuclear cells were isolated by FicollHypaque density gradient separation. B lymphocytes were positively selected with magnetic microbeads conjugated to antihuman CD22 (MAC's System; Melteni Biotech) according to the manufacturer's instructions. Following isolation, the CD19 ϩ cell population (and CD81 ϩ cells) comprised Ͼ95% of the resulting population. The purified B cells were assayed for the CD81 MFI and for the expression of CD5 on resting B cells.
Flow cytometry. Purified B cells were immunostained directly (one step) with phycoerythrin-and fluorescein isothiocyanate-conjugated monoclonal antibodies for CD81 and CD5 (Ancell, Bayport, Minn.). Flow cytometry was carried out with a fluorescence-activated cell scan operated with Cellquest software (Becton Dickinson, Mountain View, Calif.). The total population of viable cells was gated according to their typical forward and right-angle light scatter. The fluorescence of cells treated with fluorescent-isotype monoclonal antibody was evaluated in each experiment to determine the level of background fluorescence of negative cells. Data were acquired on the flow cytometer, and the number of CD5 ϩ B cells was expressed as a percentage of the number of CD81 ϩ cells. Only the positive cells were included in the percentages of stained cells used to calculate results. Data were displayed on a logarithmic scale of increasing MFI for CD81, and each histogram plot was generated from at least 10 4 events. Cryoglobulin detection and analysis. Venous blood samples were collected into prewarmed tubes after the patients had fasted overnight, and samples were allowed to clot at 37°C. After being centrifuged, the sera were incubated at 4°C for 3 days. The cryocrit was evaluated by centrifugation of the serum in hematocrit tubes at 4°C. The cryoprecipitates were further analyzed and characterized by immunofixation electrophoresis (Immunofix kit; Helena Laboratories, Beaumont, Tex.).
Statistical analysis. Comparison of the percentages of CD5 ϩ B cells and the expression of B-cell CD81 before and after treatment (for the treated group) or at baseline and at the end of follow-up (for the nontreated group) was performed using the Wilcoxon test for pairs. Comparison of the above variables among the different groups (treated responders, treated nonresponders, and nontreated patients) and healthy controls was performed by using Kruskal-Wallis analysis of variance followed by Dunn's post-hoc test. Comparison between two noncategorical groups was performed by using the Mann-Whitney U test. Association between categories was analyzed using the chi-square test or Fisher's exact test. Two-tailed P values of 0.05 or less were considered to be statistically significant. Table 1 summarizes the baseline clinical characteristics of the treated and untreated HCV-infected patients. The two groups were comparable with respect to age, gender, and disease severity, i.e., ALT levels, presence of cirrhosis, and HAI score. Genotype 1 was the most frequent genotype found in both groups: 66% in treated and 60% in nontreated patients. A relatively high prevalence of RF, mixed cryoglobulin, and non-organspecific autoantibodies was found in both groups. Analysis of the cryoglobulin in 4 of 6 treated patients and 2 of 3 nontreated patients revealed type II mixed cryoglobulin with monoclonal IgM in all patients. Nine of the 15 patients who received antiviral treatment had a complete and sustained biochemical and virological response, while the other 6 were nonresponders.
RESULTS
A significant posttreatment decline in peripheral CD5 ϩ Bcell expansion was observed in all nine sustained responders ( Fig. 1 and 2 ) compared with the pretreatment proportion of CD5 ϩ cells (means Ϯ SDs, 18.5 Ϯ 4.4% versus 35.5 Ϯ 12.2%, respectively; P ϭ 0.007), and in fact, the posttreatment proportion was comparable to the proportion of CD5 ϩ cells in the healthy controls (18.5 Ϯ 4.4% versus 24.4 Ϯ 7.3%, respectively; P ϭ 0.12) (Fig. 2) . The posttreatment CD5 ϩ B-cell subpopulation in the sustained responders was significantly decreased Similarly, posttreatment B-cell CD81 expression was significantly lower in the patients who achieved a sustained virological response than pretreatment CD81 expression (means Ϯ SDs for CD81 MFI, 135 Ϯ 40.3 versus 202 Ϯ 47.2., respectively; P ϭ 0.007) and was actually similar to that observed in the healthy controls (135 Ϯ 40.3 versus 142.7 Ϯ 34.2, respectively; P ϭ 0.8) (Fig. 3) . A significant posttreatment decline in B-cell CD81 overexpression was observed in the sustained responders compared with that of the nonresponders and nontreated patients (135 Ϯ 40.3 versus 180.7 Ϯ 20 [P ϭ 0.04] and 200 Ϯ 42 [P ϭ 0.016], respectively). In contrast, in nonresponders posttreatment CD81 expression remained similar to CD81 expression in untreated patients (Fig. 3) .
Interestingly, in addition to a decrease in CD5 ϩ B-cell expansion and CD81 overexpression, virological response to antiviral treatment was associated with the disappearance of cryglobulin, RF, and autoantibodies in all but one of the sustained responders ( Table 2 ). Four responders had aCLA (two with IgM and two with IgG) and one had ANA. After successful treatment, aCLA (in 3 patients) and ANA disappeared. In nonresponders and in nontreated patients, cryoglobulin, RF, and non-organ-specific autoantibodies remained unchanged from the baseline assessment to the follow-up period. Of the nonresponders, two patients had aCLA (both of IgM isotype) and one had aSMA, while of the nontreated patients, four had aCLA (IgM in three and IgG in one), two had ANA, and one had aSMA. However, the number of patients analyzed in each subgroup (i.e., responders, nonresponders, and nontreated) was too small to reach statistically significant conclusions.
DISCUSSION
Chronic HCV infection is associated with a host of extrahepatic manifestations, including autoimmune phenomena, benign clonal expansion of B cells, and B-cell non-Hodgkin lymphoma, which suggest B-cell activation and proliferation. However, the exact mechanism linking HCV infection with autoimmunity and lymphoproliferation is unknown. The interaction between the HCV envelope 2 glycoprotein of HCV and the CD81-containing complex on B cells may provide one of these missing links. Of particular interest are the activation and proliferation of a specific B-cell subpopulation, namely, the e The autoantibodies present may include anti-nuclear, anti-smooth muscle, and/or anti-cardiolipin autoantibodies.
CD5
ϩ cells. These cells proliferate in patients with essential mixed cryoglobulinemia and various other autoimmune disorders (4, 22, 25, 27, 35) . In the present study, we have demonstrated that combined antiviral treatment led to a significant decrease in peripheral B-cell CD81 expression and the disappearance of CD5 ϩ B-cell expansion in all patients in whom a complete and sustained virological response was achieved. The decrease in CD81 overexpression and CD5 expansion in these patients was strongly associated with a decrease or disappearance of autoimmune markers (i.e., RF, cryoglobulin, or autoantibodies), whereas in nonresponders overexpression of CD81 and expansion of the CD5 ϩ B-cell subpopulation did not significantly change and were comparable to those for untreated patients.
B-cell proliferation in HCV-infected patients is probably enhanced by HCV-specific properties, including the ability of HCV proteins to bind to CD81 on the B-cell surface and to influence intracellular regulatory functions following viral entry into B cells. Thus, it is possible that viral factors enhance CD81 up-regulation, possibly leading to the enhanced binding of HCV proteins to this receptor. In support of this hypothesis is the recent finding that lower levels of cell surface-associated CD81 are associated with HCV genotype 3 and the initial decline of HCV RNA after initiation of antiviral therapy (16) . In respect to that observation, we have not found a significant difference in pretreatment CD81 expression between sustained responders and nonresponders. The mechanism by which antiviral treatment lowers CD81 expression on the surfaces of peripheral B cells, as found in the present study, is not clear. Recently, peripheral B-cell CD81 expression was shown to be increased in HCV-infected patients (16, 35) and was downregulated by antiviral therapy to a level comparable to that for normal controls. This effect may be directly related to antiviral therapy or indirectly to decrease of viral load. As suggested by Kronenberger and colleagues (16) , the up-regulation of CD81 mRNA in this study indicates that alfa interferon-induced down-regulation of CD81 protein probably occurs at the posttranscriptional or translational level. The decrease in cell surface-associated CD81 expression induced by alfa interferon could therefore reduce the attachment of HCV, and if CD81 is required for uptake of HCV virions, down-regulation of CD81 could also diminish de novo infection of susceptible cells. Additionally, mice lacking CD81 have enhanced T-cell proliferation and immune responses following T-cell antigen receptor engagement (18, 21) . The decreased expression of CD81 may thus enhance the immune response and facilitate virus elimination. Another possible effect of antiviral treatment on B-cell CD81 expression is an indirect effect via reducing the viral load. In support of this assumption are our previous observations that pretreatment B-cell CD81 expression is increased and that this increase is correlated with the HCV RNA level (35) . In addition, patients with a rapid initial decline of HCV RNA after initiation of antiviral therapy showed a decline of cell surface-associated CD81 and had lower levels of CD81 than patients without initial virological response (16) . Interestingly, in our six nonresponders, some decline of B-cell CD81 expression was observed, although it did not reach statistical significance. It is possible that antiviral treatment induced some decrease in HCV RNA load during treatment, leading to down-regulation of B-cell CD81. With all these factors taken together, it is yet unclear whether HCV facilitates the expression of CD81 on B cells or whether high levels of CD81 may confer a selective advantage for HCV either by modulation of the immune response or by increasing attachment of viral particles.
The other important finding in the present study is the reversal of CD5 ϩ B-cell expansion followed by the disappearance of RF and cryoglobulins and diminished autoantibody production in all but one of the treated patients who achieved sustained virological response but not in nonresponders. Supported by data from several studies, it has been suggested that HCV infection may induce antigen-driven benign proliferation of selected B cells producing IgM monoclonal RF, namely, the CD5 ϩ cells (8, 14, 30) . Additionally, there are recent data indicating that HCV infection and clonal expansion of B cells within the liver preferentially involve RF-producing cells (29) and that in selected cases of patients with type II mixed cryoglobulinemia, B-cell subsets expressing IgM RF are the prevalent cell type targeted by HCV (6) . Based on these data and our previous finding that the expansion of CD5 ϩ B cells correlates with the HCV RNA level and the production of RF, cryoglobulin, and other autoantibodies (35) , it is reasonable to speculate that CD5 ϩ B-cell activation and proliferation are FIG. 3 . MFI of CD81 on peripheral B cells in HCV-infected patients before and after antiviral treatment. "Pre" and "Post" refer to pre-and posttreatment results for treated patients. For nontreated patients, "Pre" indicates results for the baseline assessment and "Post" refers to results 12 months after the baseline evaluation. a "Pre" indicates the results of baseline evaluations made for all patients whether or not they received treatment.
b For nontreated patients, "Post" indicates the results for assessments made 12 months after the baseline evaluation. For treated patients, "Post" refers to the results of assessments made after treatment.
c Autoantibodies may include anti-nuclear, anti-smooth muscle, and/or anticardiolipin antibodies.
facilitated by HCV binding to the cell surface-associated CD81-containing complex. In support of this hypothesis is the recent evidence showing that CD81 on B cells plays an important role in generating antibody responses to T-cell-dependent Th2 antigens (32) . The effect of antiviral therapy on the expansion of CD5 ϩ cells is presumably caused by decreasing HCV RNA load and cessation of the chronic antigenic stimulus by HCV virions to these cells, thus reducing the production of RF, cryoglobulin, and other autoantibodies. The small but not significant decrease in CD5 ϩ cell expansion in treated patients who did not achieve sustained virological response may reflect some decrease in HCV virions, thus decreasing the antigenic stimulation to peripheral B cells.
In conclusion, in HCV-infected patients who achieved sustained virological response, decreased B-cell CD5 ϩ expansion and CD81 overexpression were observed. This effect of antiviral therapy was associated with diminished production of RF, cryoglobulin, and autoantibodies. These findings may indicate that B-cell CD81 and CD5 ϩ subpopulations play an important role in the development of HCV-associated autoimmunity and lymphoproliferation. Therefore, down-regulation of B-cell CD81 overexpression and reversal of CD5 ϩ expansion by antiviral treatment may be a desirable therapeutic goal in preventing these phenomena. However, the results of the present study are too preliminary to support a clear role for CD81-HCV interaction in the expansion of the CD5 ϩ cell subset, and therefore, further studies are needed to investigate the immunomodulatory role of decreasing B-cell CD81 expression by antiviral treatment in patients with chronic HCV infection.
